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METHODS AND COMPOSITIONS FOR PULMONARY DELIVERY OF INSULIN 

This application is a continuation-in-part of 
application serial no. 08/207 ,472, filed on March 7, 1994, the 
full disclosure of which is incorporated herein by reference. 

BACKGROUND OF THE IlffiEN^IjQN. 

1. Field of the Invention 

The present invention relates generally to methods 
and compositions for the respiratory delivery of insulin to 
diabetic patients. More particularly, the present invention 
relates to the pulmonary delivery of dry powder insulin 
preparations for rapid systemic absorption through the lungs. 

Insulin is a 50 amino acid polypeptide hormone 
having a molecular weight of about 6,000 which is produced in 
the pancreatic /3-cells of normal (non-diabetic) individuals. 
Insulin is necessary for regulating carbohydrate metabolism by 
reducing blood glucose levels, and a systemic deficiency 
causes diabetes. Survival of diabetic patients depends on the 
frequent and long-term administration of insulin to maintain 
acceptable blood glucose levels. 

Insulin is most commonly administered by 
subcutaneous injection, typically into the abdomen or upper 
thighs. In order to maintain acceptable blood glucose levels, 
it is often necessary to inject insulin at least once or twice 
per day, with supplemental injections of rapid-acting insulin 
being administered when necessary. Aggressive treatment of 
diabetes can require even more frequent injections, where the 
patient closely monitors blood glucose levels using home 
diagnostic kits. The present invention is particularly 
concerned with the administration of rapid acting insulins 
which are able to provide serum insulin peaks within one hour 
and glucose troughs within 90 minutes. 

The administration of insulin by injection is 
undesirable in a number of respects. First, many patients 
find it difficult arid' burdensome to inject themselves as' 
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frequently as necessary to maintain acceptable blood glucose 
levels. Such reluctance can lead to non-compliance, which in 
the most serious cases can be life-threatening. ..Moreover , 
systemic absorption of insulin from subcutaneous injection is 
relatively slow, frequently requiring from 45 to 90 minutes, 
even when fast-acting insulin formulations are employed. 
Thus, it has long been a goal to provide alternative insulin 
formulations and routes of administration which avoid the need 
for self-injection and which can provide, rapid systemic 
availability of the insulin. 

A variety^ of such alternative insulj.n administration 
roots have been proposed, including intranasal, intrarectal, 
and intravaginal . 

While these techniques avoid the discomfort and poor 
compliance associated with subcutaneous injection, they each 
suffer from their own limitations. Intrarectal and 
intravaginal are inconvenient, uncomfortable, and the latter 
is not available to the entire population of diabetics. 
Intranasal delivery would be convenient and probably less 
objectionable than injection, but requires the use of 
potentially toxic "penetration enhancers" to effect passage of 
insulin across the nasal mucosa, which is characterized by a 
thick epithelial layer which is resistant to the passage of 
macromolecules. Of particular interest to the present 
invention is pulmonary insulin delivery where a -patient 
inhales an insulin formulation and systemic absorption occurs 
through the thin layer of epithelial cells in the alveolar 
regions of the lung. Such pulmonary insulin delivery appears 
to provide more rapid systemic availability than does 
subcutaneous injection and avoids the : use of a needle. 
Pulmonary insulin delivery, t however , has yet to achieve 
widespread acceptance. Heretofore,, pulmonary delivery has 
been most often accomplished through nebulization of liquid 
insulin formulations, requiring the use of cumbersome liquid 
nebulizers. Moreover, the aerosols formed by such nebulizers 
have a very low insulin concentration, necessitating a large 
number of inhalations to provide an adequate dosage. Insulin 
concentration is limited due to the low solubility of insulin 
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in suitable- aqueous solutions. In some cases, as many as 80 
or more breaths may be required to' achieve an adequate dosage, 
resulting in an administration time from 10 to 20 minutes, or 
more. 

It would be desirable to provide improved methods 
and compositions for the pulmonary delivery of insulin. It 
would be particularly desirable if such methods and 
compositions were sufficiently convenient to permit self- 
admiriistration even away from home and were able to deliver a 
desired total dosage with a relatively low number of breaths, 

P ref ?E abl y f e y e:r than ten . Such methods and ...compositions 

should also provide for rapid systemic absorption of the 
insulin, preferably reaching a serum peak within 45 minutes or 
less" and a resulting glucose trough within about one hour or 
less. Such rapid acting f ormulations will preferably be 
suitable for use in aggressive treatment protocols where 
injection of intermediate and long-acting insulin can be 
reduced or eliminated. The compositions of the present 
invention should also be stable, preferably consisting of a 
concentrated dry powder formulation. 

2. Description of the Background Art 

The respiratory delivery of aerosolized aqueous 
insulin solutions is described in a number of references, 
beginning with Gansslen (1925) 'Klin. Wochenschr. 4:71 and 
including Laube et al. (1993) JAMA 269: 2106-21-9; Elliott et 
al. (1987) Aust. Paediatr. J. £3:293-297; ffigley et al. (1971) 
Diabetes 121:552-556. Corthorpe et al. (1992) Pharm Res 9:764- 
7 68; Govinda (1959) Indian J. Physiol, Pharmacol. 3:161-167; 
Hastings et al. (1992) J. Appl. Physiol. 73. : I310-13i6; Liu et 
al. (1993) JAMA 269:2106-2109; Nagano et al. (1985) Jikeikai 
Med. J.. 32: 503-506 ; ; Sakr (1992) Int. J. Phar. 86:1-7; and 
Yoshida et 41* (1987) Clin,. Res. 35:160-166. Pulmonary 
delivery of dry powder medicaments, such as insulin, in a 
large particle carrier vehicle is described in U.S. Patent No. 
.5,254,330. A metered dose inhaler (MDI) for delivering 
crystalline insulin suspended in a propellant is described in 
Lee and Sciara (1976) J. Pharm. Sci . 65:567-572. A MDI ' for 
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delivering insulin into a spacer for regulating inhalation 
flow rate is described in U.S. Patent No. 5,320,094. The 
intrabronchial administration of recombinant insulin is 
briefly described in Schliiter et al. (Abstract) (1984) 
5 Diabetes 33:75A and Kohler et al. (1987) Atemw. Lungenkrkh. 

13:230-232. Intranasal and respiratory delivery of a variety 
of polypeptides, including insulin, in the presence of an 
enhancer, are described in U.S. Patent No. 5,011,678 and Nagai 
et al. (1984) J. Contr. Rel . 1: 15-22 * Intranasal delivery of 
10 insulin in the presence of enhancers and/ or contained in 

contr °l 1 j ed _£elease .jf ornmlations are described in U.S. Patent 
Nos. 5,204,108; .4,.294,82ft; and 4,153,689; PCT Applications WO 
93/02712, WO 91/02545, WO 90/09780, and WO 88/04556; British 
Patent 1,527,605; Ryden and Edman (1992) Int. J. Pharm. Wil- 
is 10; and Bjork and Edman (1988), Int. J. Pharm. 47:233-238. The 
preparation and stability of amorphous insulin were described 
by Rigsbee and Pikal at the American Association of 
Pharmaceutical Sciences (AAPS) , November 14-18, 1993, Lake 
Buena Vista, Florida. Methods for spray drying polypeptide, 
' 20 polynucleotide and other labile drugs in a carrier which forms 
an amorphous structure which stabilize the drug are described 
in European patent application 520 748. 

SUMMARY OP THE INVENTION 

25 According to the present invention, methods and 

compositions for the aerosolization and systemic delivery of 
insulin to a mammalian host, particularly a human patient 
suffering from diabetes, provide, for rapid absorption into 
blood circulation while ^voiding subcutaneous injection. In 

3 0 particular, the methods of the present invention rely on 
pulmonary delivery of insulin in the form of a dry powder. 
Surprisingly, 1 it has been found that inhaled dry insulin 
powders are deposited in the alveolar regions of the lung and 
rapidly absorbed through the epithelial cells of the alveolar 

35 region into blood circulation. Thus, pulmonary delivery of 
insulin powders can be an effective alternative to 
administration by subcutaneous injection. 



WO 95/24183 



PCT/US95/01563 



In a first aspect' of the present invention, insulin 
is provided as a dry powder, usually but not necessarily in a 
substantially amorphous state, and dispersed in an air or 
other physiologically acceptable gas stream to form an 
aerosol. The aerosol is captured in a chamber having a 
mouthpiece, where it is available for a subsequent inhalation 
by a patient. Optionally, the dry powder insulin is combined 
with a pharmaceutically acceptable dry powder carrier, as 
described in more detail below. The insulin powder preferably 
comprises particles having a diameter less then 10 M m, more 
preferably less than 7.5 /m, and most preferably below 5 M m, 
usually being in, the range from 0.1 p to 5 m . Surprisingly, 
it has been found that the dry powder insulin compositions of 
the present invention are absorbed in the lung without the use 
of 'penetration enhancers such as those required for absorption 
through the nasal mucosa and upper respiratory tract. 

In a second aspect, the present invention provides 
insulin compositions consisting essentially of dry powder 
insulin having an average particle size below 10 which may 
be combined with dry powder pharmaceutical carriers. The 
insulin composition is preferably free from penetration 
enhancers and comprises particles having a diameter less than 
10 /xm, preferably less than 7.5 and most preferably below 
5 w, usually being ; in the range from 0.1 m to 5 /ra. 
Usually, the insulin dry powder will have from 5% to 99% by 
weight insulin in the composition, more usually from 15% to 
80%, in a suitable pharmaceutical carrier, usually a 
carbohydrate, an organic salt, an amino acid, peptide, or ■ 
protein, as described in more detail hereinafter. 

In. a third aspect of the present invention, insulin 
dry powders are prepared by dissolving insulin in an aqueous 
buffer to form a solution and spray drying the solution to 
produce substantially amorphous particles having a particle 
size less than 10 w, preferably less than 7.5 /im, and most 
preferably below 5 M ay usually being in the range from 0.1 m 
to 5 /xm. Optionally, the pharmaceutical carrier is also 
dissolved in the buffer, to form a homogeneous solution, 
wherein spray drying of the solution produces individual 
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particles comprising insulin, carrier buffer, and any other 
components which were present in the solution. Preferably the 
carrier is a carbohydrate, organic salt, amino acid, peptide, 
or protein which produces a substantially amorphous structure 
5 upon spray drying. The amorphous carrier may be either glassy 
or rubbery and enhances stability of the insulin during 
storage. Advantageously, such stabilized formulations are 
also able to effectively deliver insulin to the "blood stream 
upon inhalation to the alveolar regions of the lungs. 
10 A further understanding of the nature and advantages 

of _the ...invention w by reference to the 

remaining portions of the specification and drawings. 

BRIEF DESCRIPTION OP THE DRAWINGS 
15 Fig, 1 Is a schematic illustration of a system for 

aerosolizing a dose of insulin according to the method of the 
present invention. 

Fig. 2 is a schematic illustration of a patient 
inhaling an aerosolized dose of insulin from the system of 
20 Fig. 1. 

Figs. 3 A and 3B are graphs illustrating the 
absorption of recombinant human insulin in rats and resulting, 
glucose response following aerosolization of three different 
dry powder formulations. Each point represents the mean value 

25 from three different rats. At zero time, the dry powder 

aerosol, generator was turned on. Aerosolization was complete 
at 5 min, 14 min and 20 min for the 87% insulin/ citrate, '20% 
insuiin-mannitol/ citrate and 20% insulin-raff inose/ citrate 
powders, respectively. Animals were fasted overnight. 

3 0 Figs. 4A and 4B are graphs illustrating mean serum 

time-concentration insulin and glucose profiles, respectively 
comparing aerosol and subcutaneous administrations in 
cynomolgus monkeys. The mean value for three monkeys is 
reported for the aerosol group, and the mean value for four 

3 5 monkeys is reported for the subcutaneous group. 

Fig. 5A is a graph illustrating the mean insulin 
concentration over time for subcutaneous injection (o) and for 
inhalation of three puffs (®)' in humans. 
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Fig. 5B shows the mean glucose concentration 
corresponding to the insulin concentrations of Fig. 5A. 

Fig. 6A is a graph illustrating serum insulin 
concentration over time as a result of subcutaneous injection 
(O) and three puffs of aerosol administration (©) in humans. 
Fig. 6B is a graph illustrating the serum glucose 
levels corresponding to the insulin levels in Fig. 6A. 

Figs. 7A and 7B "provide S comparison of the 
intersubject variability of serum insulin (7A) and glucose 
levels (7B) for subcutaneous administration (o) and aerosol 
administration (®) . 

Figs. 8A, 8B, and 8C show rpHPLC chromatograms of a 
human insulin. Fig. 8A is a chromatograph of an insulin 
standard stressed in 10 mM HC1 at 25 °c, showing human insulin 
eluting at 23.87 minutes desamido insulin eluting at 30.47 
minutes. Fig. 8B shows a similar chromatogram of a human 
insulin standard. Fig. 8C shows a similar chromatogram of 
reconstituted, spray-dried insulin formulation prepared 
according to the present invention. 

Fig. 9 shows an ultraviolet spectra of an insulin 
formulation before and after spray drying. No light 
scattering was observed in the visible spectrum, indicating 
that insulin did not aggregate during the spray drying 
process. 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 
According to the present invention, insulin is 
provided as a dry power. By "dry powder" it is meant that the 
moisture content of the powder is below about 10% by weight, 
usually below, about 5% by weight, and preferably being below 
about. 3% by weight. By "powder," it is meant that the insulin 
comprises free flowing particulates having a size selected to 
permit penetration into the alveoli of the lungs , preferably 
being less than 10 /im in diameter, preferably less than 
7.5 fm, and most preferably less than SjLtm, and usually being 
in the range from 0,1 /im to 5 p in diameter. 

The present invention is based at least in part on 
the unexpected observation that dry powder insulins are » 
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readily and rapidly absorbed through the lungs of a host. It 
was surprising that dry powder insulins could reach the 
alveolar region of the lungs, as water-soluble drugs such as 
insulin particles are known to be hygroscopic. See, e.g. 
Byron, ed., Respiratory Drug Delivery, CRC Press, Boca Raton 
(1990), p. 150. Thus, it would have been expected that as the 
particles passed through the airways of the lung (which has a 
relative humidity in excess of 99% at 37 °C) , the individual 
particles would have a tendency to absorb water and grow to an 
effective particle size larger than the 10 jum upper limit of 
the present invention. If a substantial fraction of the 
insulin particles were larger than the target size range, it 
would be expected that the particles would deposit within the 
central airways of the lungs rather than the alveolar region, 
thus limiting delivery and subsequent systemic absorption. 
Moreover, the fluid layer over the epithelial cells of the 
lungs is very thin, usually a fraction of the diameter of the 
insulin powders being delivered. Thus, it was unpredictable 
prior to the present invention whether the dry insulin 
particles would dissolve upon deposition within the alveolar- 
regions of the lungs. Surprisingly, the dry. insulin powders 
are apparently able to both, penetrate into the alveolar 
regions of the lungs and dissolve once they have deposited 
within the alveolar region of the lung. The dissolved insulin 
is then able to cross the epithelial cells into circulation. 

It is presently believed that the effective 
absorption of insulin results from a rapid dissolution in the 
ultrathin (< 0.1 fim) fluid layer o& the alveolar lining. The 
particles of the present invention thus have a mean size which 
is from 10 to 50 times larger than the lung fluid layer, 
making it unexpected that the particles are dissolved and 'the 
insulin systemically absorbed in a rapid manner. Indeed, as 
shown in the Experimental section hereinafter, the dry insulin 
formulations of the present invention can provide even more' 
rapid serum insulin peaks and glucose troughs than afforded by 
subcutaneous' injection, which is presently the most common 
form of administration. An understanding of the precise . 
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mechanism, however , is not necessary for practicing the 
present invention as described herein. 

Preferred compositions according to the present 
invention will be substantially free from penetration 
enhancers. "Penetration enhancers" are surface active 
compounds which promote penetration of insulin (or other 
drugs) through a mucosal membrane or lining and are proposed 
for use in intranasal, intrarectal, and intravaginal drug' 
formulations. Exemplary penetration enhancers include bile 
salts, e.g.., taurocholate, glycocholate, and deoxychblate; 
f usidates / e \? w taiirodeh aM. biocompatible 

detergents, e.g., Tweens, Laureth-9, and the like. The use of 
penetration enhancers in formulations for the lungs, however, 
is generally undesirable because the epitheliai blood barrier 
in the lung can be adversely affected by such surface active 
compounds. Surprisingly, it has been found that the dry 
powder insulin compositions of the present invention are 
readily absorbed in the lungs without the need to employ 
penetration enhancers. 

Insulin dry powders suitable for use in the present 
invention include amorphous insulins, crystalline insulins, 
and mixtures of both amorphous and crystalline' insulins. Dry 
powder insulins are preferably prepared by spray drying under 
conditions which result in a substantially amprphous powder- 
having a particle size within the above-stated range. 
Alternatively, amorphous insulins could be prepared by 
lyophilization (freeze-drying) , vacuum drying, or evaporative 
drying of a suitable insulin solution under conditions to 
produce the amorphous structure. 1 The amorphous insulin so 
produced can then, be ground or milled to produce particles 
within the desired size range. Crystalline dry powder 
insulins may be formed by grinding or jet milling of bulk 
crystalline insulin. , The preferred method for forming insulin 
powders comprising particulates in the desired size range is 
spray drying., where pure, bulk insulin (usually in a 
crystalline form) is first dissolved in a physiologically 
acceptable aqueous buffer, typically a citrate buffer having a 
pH in the range from about 2 to 9. The insulin is dissolved 
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at a concentration from 0.01% by weight to 1% by weight, 
usually from 0,1%. to 0.2%. The solutions may then be spray 
dried in conventional spray drying equipment from commercial 
suppliers, such as Buchi, Niro, and the like, resulting in a 
5 substantially amorphous particulate product. 

The dry insulin powders may consist essentially of 
insulin particles within the requisite size range and be 
substantially free from any other biologically active 
components, pharmaceutical carriers, and the like. Such 

10 "neat" formulations may include minor components, such as 

preservatives, present in low amounts, typ ical ly below 10% by 
weight and usually below 5% by weight. Using such neat 
formulations, the number of inhalations required for even high 
dosages can be substantially reduced, often to only a single 

15 breath. 

The insulin powders of the present invention may 
optionally be combined with pharmaceutical carriers or 
excipients which are suitable for respiratory and pulmonary 
administration. Such carriers may serve simply as bulking 

20 agents when it is desired to reduce the insulin concentration 
in the powder which is being delivered to a patient, but may 
also serve to enhance- the stability of the insulin 
compositions and to improve the dispersability of the powder 
within a powder dispersion device in order to provide more 

25 efficient and reproducible delivery of the insulin and to 
improve, handling characteristics of the insulin such as 
f lowability and consistency to facilitate manufacturing and 
powder filling. 

Suitable carrier materials may be in the form of an 

3 0 amorphous powder, a crystalline powder, or a combination of 

. amorphous and crystalline powders. Suitable materials include 
carbohydrates, e.g., monosaccharides such as fructose, 
galactose, grlucose, D-mannose, sorbose, and the like; • 
disaccharides, such as lactose, trehalose, celldbibse, and the 

3 5 like? cyclodextrins, such as 2-hydroxypropyl-^ i -cyclodextrin; 
and polysaccharides, such as raffinose, maltodextrins, 
dextrans, and the like; (b) amino acids, such as glycine, 
arginine, aspartic acid, glutamic acid, cysteine, lysine, and. 
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the like; (c) organic salts prepared from organic acids and 
bases, such as sodium' citrate, sodium ascorbate, magnesium 
gluconate, sodium gluconate, trpmethamine hydrochloride, and 
the like;- (d) peptides and proteins, such as aspartame, human 
serum albumin, gelatin, and the like; (e) alditols, such as 
mannitol, xylitol, and the like. A preferred group of 
carriers includes lactose, trehalose, raffihose, 
maltodextrins-, glycine, sodium ^citrate, trWethamihe 
hydrochloride, human serum albumin, and mannitol. 

Such carrier materials may be combined with the 
insulin prior to spray drying, i.e., by adding the carrier 
material to the buffer solution which is prepared for spray 
drying. In that way, the carrier material will be formed 
simultaneously with and as part of the insulin 'particles. 
Typically, when the carrier is formed by spray drying together, 
with the insulin, the insulin will be present in each 
individual particle at a weight percent • in the range from. 5% 
to 95%, preferably from 2 0% to 80%. The remainder of the 
particle will primarily be carrier material ■ (typically being 
from 5% to 95%, usually being from 20% to 80% by weight), but 
will also include buffer(s) and may include other components 
as described above. The presence of carrier material in the 
particles which are delivered to the alveolar region of the 
lung (i.e., those in the requisite size range below 10 /nh) has 
been found not t.o significantly interfere with systemic 
absorption of insulin. 

Alternatively,* the carriers may be separately 
prepared in a dry powder form and combined with the dry powder 
insulin by blending. The separately prepared powder carriers 
will usually be crystalline (to avoid water absorption) , but 
might in some cases be amorphous or -mixtures of crystalline 
and amorphous. The size of the carrier particles may be 
selected to improve the flowability of the insulin powder, ■ 
typically being in. the range from 25 /xm to 100 /m. Carrier . 
particles in this size range will generally not penetrate into 
the alveolar region of the lung and will often separate from 
the insulin in the delivery device prior to inhalation. Thus, 
the particles which penetrate into the alveolar region of the 
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lung will consist essentially of insulin and buffer. A 
preferred carrier material is crystalline mannitol having a 
size in the above-stated range. 

The dry insulin powders of the present inventions 
may also be combined, with other active components. For 
example, it may be desirable to combine small amounts of 
amylin or active amylin analogues in the insulin powders to 
improve the treatment of diabetes. Amylin is a hormone which 
is secreted with insulin from the pancreatic /3-cells in normal 
(non-diabetic) individuals. it is believed that amylin 
modulates insulin activity in vivo , and it has been proposed 
that simultaneous administration of amylin with insulin could 
improve blood glucose control. Combining dry powder amylin 
with insulin in the compositions of the present invention will 
provide a particularly convenient product for achieving such 
simultaneous administration. Amylin may be combined with 
insulin at from 0.1% by weight to 10% by weight (based on the 
total weight of insulin in a dose), preferably from 0.5% by 
weight to 2.5% by weight. Amylin is available from commercial 
suppliers, such as Amylin Corporation, San Diego, California, 
and can be readily formulated, in the compositions of the 
present invention. For example, amylin may be dissolved in 
aqueous or other suitable solutions together with the insulin, 
and optionally carriers, and the solution spray dried to 
produce the powder product. 

The dry powder insulin compositions of the present 
invention are preferably aerosolized by disp^_rsiqn.,in a 
flowing air or other physiologically acceptable gas. stream in 
a conventional manner, one system suitable for such 
dispersion is described in copending application Serial No. 
07/910,048, which has been published as WO 93/00951, the full 
disclosures, of which are incorporated herein by reference. 
Referring to Fig. l herein, dry, free-flowing insulin powder 
is introduced into a high velocity air or gas stream, and the 
resulting dispersion introduced into a holding chamber 10. 
The holding chamber 10 includes a mouthpiece 12 at an end 
opposite to the entry point of the air powder dispersion. The 
volume, of the chamber 10 is sufficiently large to capture a 
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desired dose and may optionally have baffles and/or one-way 
valves for promoting containment. After a dose of the insulin 
powder has been captured in chamber 10, a patient P. (Fig. 2) 
inhales on the mouthpiece 12 to draw the aerosolized 
dispersion into his lungs. As the patient P inhales, make-up 
air is introduced through a tangentially oriented air inlet 
port 14, whereby the air flows in a generally vortical pattern 
to sweep- the- aerosolized- insulin' from the" chamber into the" 
patient's lungs . The volume of the chamber and the 
aerosolized dose are such that a patient is able to completely 
inhale the entire aerosolized insulin dose foiiowed by 
sufficient air to ensure that the insulin reaches the lower 
alveolar regions of the lung. 

Such aerosolized insulin powders are particularly 
useful in place of subcutaneous injections of rapid acting 
insulin in the treatment of diabetes and related irisulin- 
deficiencies. . surprisingly, it has been found that the • 
aerosol administration of dry powder insulin results in 
significantly more rapid insulin- absorption and glucose 
response than is achieved by subcutaneous injection. Thus, 
the methods and compositions of the present invention will be 
particularly valuable in treatment protocols where a patient 
monitors blood glucose levels frequently and administers 
insulin as needed to maintain a target serum concentration, 
but will also be useful whenever- systemic insulin 
administration is required. The patient can achieve -a desired 
dosage by- inhaling an appropriate amount of insulin, as just 
described. The efficiency of systemic insulin delivery via 
the method as just described will typically be in the range 
from about 15% to 30%, with individual dosages (on a per . . 
inhalation basis) , typically being : in the range from- about 
0.5 mg to 10 mg. Usually, the total dosage of insulin desired 
during a single respiratory administration will be in the 
range from about 0.5 mg to 15 mg.. Thus, the desired dosage ' 
may be effective by the patient taking from l breath to 4 
breaths . 

The following examples are offered by way of 
illustration, not by way of limitation. 
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EXPERIMENTAL 

Materials and Methods 
Materials 

Crystalline human zinc insulin, 26.3 Units/mg, 
(Lilly Lot, #784KK2) was obtained from Eli Lilly and Company, 
Indianapolis, IN and found to be >99% pure as measured by 
rpHPLC. USP mannitol was obtained from Roquette Corporation 
(Gurnee, IL) . Raff inose was purchased from Pfanstiehl 
Laboratories (Waukegan, IL) . Sodium citrate dihydrate, USP, 
ACS and citric acid monohydrate USP were obtained from J. T. 
Baker (Phillipsburg, NJ) . 

Powder Production 

Insulin powders were made by dissolving bulk 
crystalline insulin in sodium citrate buffer containing 
excipient (mannitol, or raf f inose , or none) to give final 
solids concentration of 7.5 mg/ml and a pH of 6.7±0.3. The 
spray dryer was operated with an inlet temperature between 
110°C to 120°C and a liquid feed rate of 5 ml/min, resulting 
in an outlet temperature between 70°C and 80 °C. The solutions 
were then filtered through . a 0,22 /xm filter 1 and spray dried in 
a Buchi Spray Dryer to form 'a fine white amorphous powder. 
The resulting powders were stored in tightly capped containers 
in a dry environment (<io% RH) . 

Powder Analyses 

The particle size distribution of the powders was 
measured by liquid centrifugal sedimentation in a Horiba CAPA- 
700 Particle Size Analyzer following dispersion of the powders 
in Sedisperse A-ll (Micromeritics, Norteross, GA) . The 
moisture content of the powders was measured by the Karl 
Fischer technique using a Mitsubishi CA-06 Moisture Meter. 

The integrity of insulin before and after powder 
processing was. measured against a* reference standard of human 
insulin by redissolving weighed- portions of powder in 
distilled water and comparing the redissolved solution with 
the original solution put into the spray dryer. Retention 
time and peak area by rpHPLC were used to determine whether 
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the insulin molecule had been chemically modified or degraded 
in process, uv absorbance was used to determine insulin 
concentration (at 278 nm) and presence or absence of insoluble 
aggregates (at 400 nm) . In addition, the pHs of the starting 
and reconstituted solutions were measured. The amorphous 
nature of the insulin powder was confirmed by polarizing light 
microscopy. 

Rat Aerosol Exposures 

Rat experiments were conducted in an aerosol 

exposure room. Female rats (280-300 gm) were .fasted 

overnight. Animals (21-24/experiment) were placed in 
Plexiglas tubes and mounted into a 48 port, nose-only aerosol 
exposure chamber (In-Tox Products, Albuquerque, NM) . Airflow 
to the breathing zone was maintained at 7.2-9.8. liters/minute 
and removed by vacuum so that there was a slight negative 
pressure (-1.5 cm H 2 0) in the chamber as measured by a 
magnahelic gauge. Aerosol exposure times were between 5-2 0 
minutes depending oil how much powder was fed into the chamber ♦ 
Powders were fed by hand .into a small Venturi nozzle which 
dispersed the powder particles to, form a fine aerosol cloud. 
The Venturi nozzle was operated at a pressure in excess of 
15 psig, and. the air flow was set -at 7.2 £/min to 9.8 £/min. 
The Venturi nozzle was fitted into the bottom of a clear 
Plexiglas dispersion chamber (750 ml) which passed the aerosol 
directly into a nose-only exposure chamber • 

Rat Aerosol Chamber Calibration 

The concentration of the powder at the breathing 
zone was measured by taking multiple, timed, filter samples at 
the breathing zone with In-Tox filter holders at a vacuum flow 
of 2 liters/min. The chamber was calibrated both with and 
without animals. Powder mass was determined gravimetrically. 
The particle size of the powders at the breathing zone' was 
measured with cascade impactor (In Tox Products) placed at a 
breathing hole and operated at a flow of 2 liters/min. Powder 
mass on each stage was determined gravimetrically. 
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Each powder test utilized 21-24 rats and the aerosol 
exposures lasted 5-20 minutes. Three rats were killed at 0 
time and then at -7, 15, 30, 60, 90, 120, 180, and 240 minutes 
after the termination of the aerosol exposure. Animals were 
anesthetized, their abdomens opened, and a large blood sample 
was drawn from the ventral aorta. The animals were then 
killed by cervical dislocation. 

Blood was allowed to clot at room temperature for 3 0 
minutes and then centrifuged for 20 minutes at 3500 rpra in 
serum separator tubes. Serum was either analyzed immediate ly 
or frozen at -80 °C until analysis. As soon as possible (0-7 
min) after the "termination of the aerosol dosing, 3 rats were 
killed, their blood drawn and their lungs lavaged with six 
5 ml rinses of phosphate buffered saline (PBS) . The amount of 
insulin in the final pooled lavage sample was used as the 
aerosol dose for the rat in calculations of bioavailability. 

Primate Exposure system 

Young, wild-captured, male cynomolgus monkeys strain 
Wacaca fascicularis (2-5 kg) (Charles River Primates, Inc.) 
were used for the primate aerosol studies , (3-4 animals/group). 
The animals were either subcutaneous ly injected with Humiilin 
(Eli Lilly, Indianapolis, Indiana) or exposed to a powder 
aerosol of insulin. Each animal was placed in a. head-only 
exposure unit to provide a fresh supply of the test atmosphere 
at an adequate flow rate (7 L/min) to provide minimum oxygen 
requirements of the animal. The animals were restrained in a 
chair-like apparatus which placed them in an upright sitting 
position. The hoods were clear allowing the animals complete 
visualization of their environment. An indwelling catheter 
was placed in the leg so that blood samples could be taken at 
any time. The monkeys were fully awake during the whole 
procedure and appeared to be calm. Primate blood was treated 
the same as rat (see above). 

The primate aerosol exposure system included a 
breath monitor that allowed quantification of the amount. of 
air inhaled by each monkey. This value, coupled with 
measurements of .the concentration of insulin in the inspired 
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air allowed the calculation of exactly how much insulin was 
inhaled by each animal. 

Human Trials 

Insulin was administered to 24 normal human subjects 
subcutaneously as well as by inhalation of aerosolized dry 
insulin powders. Each subcutaneous injection consisted of 
10. 4U of Humulin R, 100 U/ml (Eli" Lilly, Indianapolis, 
Indiana) . The dry insulin powders were amorphous and prepared 
by spray drying as described above with 20% by weight mannitol 
excipient. Doses (5 mg) of the insulin dry powder were 
dispersed in a high-velocity air stream to produce a fine 
aerosol that was captured in a chamber.. Each subject inhaled 
the aerosol powder by taking a slow, deep breath of each 
aerosol bolus or "puff." Powder was administered in three 
puffs (for a. dosage of 31. 9U) * Serum insulin and glucose 
levels were determined over time, as described below. 

Serum. Assays 

Serum insulin levels in rats, primates, and humans 
were determined using Coai;-A-Count radio immunoassay kits for 
human insulin (Diagnostic Products Corporation, Los Angeles, 
CA) . Standard curves were run with every batch, of samples* 
The sensitivity of the assay was approximately 43 .p.g/ml. The 
within assay variability (%CV) is <5%. Glucose assays were 
performed by California Veterinary Diagnostics, Inc. in West 
Sacramento, CA using the Gliicose/HK Reagent System Pack for 
the Boehringer Mannheim/ Hitachi 747 Analyzer. The within 
assay variability (%CV) is <3%*. ' 

In the rate experiments, relative bioavailabilities 
of the aerosol were calculated by comparing the dose adjusted, 
immunoreactive insulin (IRI) area under the curve (AUG) of the 
concentration-time profile .with that obtained from 
subcutaneous injection. In rats the total lavaged insulin 
mass was used as the aerosol dose. Some insulin is absorbed 
before the lungs can be lavaged so the dose estimated by this 
technique is probably a slight underestimate of the total 
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deposited dose. No corrections for this presumed loss were 
made. 

In the monkey experiments, relative 
bioavailabilities were calculated similar to the rats above 
except that instead of using lavaged lung insulin as' the 
aerosol dose, the total amount of insulin inhaled was used. 
In the rats, only material deposited in the lungs, not insulin 
deposited in the nasal passages, and throat, was included in 
the dose estimate. In the monkeys, all insulin that entered 
the animals was included in the dose estimate. 

Results of insulin Absorption in Rats 

All of the insulin powders used in the animal 
studies had particle sizes (mass median diameters) ranging 
between 1-3 jzm and moisture contents <3%. The insulin purity 
of the powders as measured by rpHPLC was >97%. Representative 
chromatographs of the 20% insulin formulation are shown in 
Pig. 8C. The powders yielded a clear solution upon 
reconstitution with pure water with an ultraviolet absorbance 
value <0.01 at 400 nm and a pH of 6.7±0.3. Representative 
ultraviolet (w) spectra for the 20% insulin formulation are 
shown in Fig. 9. 

The following three insulin powder formulations were 
tested in rats as aerosols in the In-Tox 48 port, exposure 
chamber . 

1. 87.9% insulin; 11.5% sodium citrate; 0.6% 
citric acid. 

2.. 20% insulin; 66% mannitol: 12.4% sodium 
citrate: 0.6% citric acid. 

3. 20% insulin; 66% raffiftose; 12.4% sodium 
citrate: 0.6% citric acid./ 

Table 1 lists the key measurements in the three 
different rat exposure studies including characterizations of 
the aerosol at the breathing zone and chamber operating 
conditions. A fraction of the powder fed into the venturi 
nozzle reached the breathing zones of the rats (34%-67%) 
because of losses in the walls due to impaction and incomplete 
dispersion of the- powder during powder feed. The particle 
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size of the aerosol at the breathing zone, however , was- ideal 
for pulmonary deposition (1.3-1.9 jim) and was somewhat smaller 
than the original formulation particle size (2.0-2,8 fim) due 
to selective loss of the larger particles in the animal 
exposure chamber. 



Table 1. Rat Aerosol Exposure Measurements 





88% Insulin 


20% Insulin 
Mannitol 


20% Insulin 


Chamber Flow Rate 


7.2 L/min 


9*6 L/min 


9.8 L/min 


Powder Mass Median 
SXameter (MMD ) 




2,. 8 pm . 


2 * 0- fjm 


Powder Fed into Chamber 


70 mgs 


255 fngs 


260 mgs 


Powder Feed Time 


5 min 


14 min 


20 min 


Powder at Breathing Zone 


40 mgs 


171 mgs 


88 mgs 


Insulin at Breathing Zone 


35 mgs 


34 mgs 


18 mgs 


% Total Powder at 
Breathing Zone 


57% 


67% 


34% 


Maes Median Aerodynamic 
Diameter (MAD) 


1.1 mg/L 


1,3 mg/L 


0.45 mg/L 


Particle Size at Breathing 
Zone 


1.4 pm 


1-9 Ami 


1. 3 pm 


Insulin Recovered in 
Lavage 


30.7±5.2 fjg 


12.7.±6.9 


31.6±12.9 fjg 


Seruni Insulin AUC 
(ng min/ml) 


104 . 


201 


. 150 



Table 2 shows the rat serum ■ insulin and glucose 
results from the three aerosol and one SC study. Fig. 3A and 
3B show the serum immunoreactive insulin (IRI) concentration- 
time profiles and the serum glucose concentration-time 
profiles for the three formulations administered by aerosol. 
Table 3 presents the insulin t max , and the glucose t min from 
the different-, studies as well as the relative bioavailability 
of the aerosol compared to SC injeqtion. 
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Table 2. Serum Insulin and Glucose Results in Rats 





Formulation 


Route 


Time 
(min)' 


Serum Insulin 
(pg/ml±l S*D. ) 
n- 3 rats/ 
timept 


Serum Glucose 
(mg/dl41 S.D.) 
n=3rats/ 
timept 




88% Insulin 


Aerosol 


0 


2304184 


106±12 


5 


(Aerosol exposure 


Aerosol 


12 


1020+312 


114*10 




completed at minute 
5) 


Aerosol 


21 


1654768 


81410 




Av. Dose=31 yq/rat 


Aerosol 


36 


876±764 


66±7 






Aerosol 


66 


684±416 


62415 


10 




Aerosol 


96 


568+128 


65410 








~ ~12'6 " 








— - 


~ 56412S0 ~" 


73ill 






Aerosol 


186 


7124140 


9345 




20% Insulin-Mannitol 


Aerosol 


0. 


476+56 ' 


165418 




(Aerosol exposure 


Aerosol 


22 


1476+428 


117415 


15 


completed at minute 
14) 


Aerosol 


35 


2480+892 


101419 




Av- Dose=13 ya/rat 


Aerosol 


57 


1204+64 


64413 .. 






Aerosol 


87 


1084±396 


63417 . 






Aerosol 


117 


664±180 


105438- . 


20 




Aerosol 


147 


12284416 


108422 






Aerosol 


207 


6764100 


119433 




20% Insulin-Raf finose 


Aerosol 


0 


426+97 


157437 




(Aerosol exposure 


Aerosol 


27 


294842B16 


139446 


25 


completed at minute 
20) 


Aerosol 


42 


1504±592 


181411 




Av. Dose as 32 na/rat 


Aerosol 


57 


1272±496 


124445 






Aerosol 


87 


852±164 


128417 * 






Aerosol 


117 


6044156 


12449 






Aerosol 


147 


532±172 


. 172412 


30 




AeroBoi 


207 


556+100 


218434 




20% Insulin-Mannitol 


Subcutan 


0 


3601140 


10745 




Dose=30 \xq . 
Insulin/rat 


Subcutan 


15 


14200+3160 


5342 






Subcutan 


30 


10160+720 • 


2445 


35 


i " 


Subcutan 


60 


. 1100041080 


2846 






Subcutan 


90 


2440+1160 


.2547 






Subcutan 


120 


3520+840 - 


4943 






Subcutan 


180 


12804800 


40417 


A r\ 




Subcutan t 


240 


400±260 . 


77434 
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Table 3 

A Comparison of Aeros 1 and Subcutaneous (SC) Insulin in Animals 





Rat 
SC 


Rat 
Aerosol 
88% Insulin 


Rat 
Aerosol 
20% Insulin 
Mannitol 


Rat 
Aerosol 
20% Insulin 
Rafihiose 


Monkey 
SC 


Monkey 
Aerosol 

20% Inciiljn 

Mannitol 
















Insulin Max* 


15 min 


16 min 


21 min 


17 min 


15 min 


,30 min 


Glucose Win.* 


30 min 


31 min 


43 min 


37 min 


45 min 


45 min 


Glucose Drop 


77% 


42% 


62% 


21% 


45% 


73% 


Rel Bioavail. 


100$ 


10%+* 


44%*+ 


14%++ 


100% 


12%*+* 



+ T'a measured from end of aerosol exposure period. 
Glucose min « time to > 85 % of maximal reduction observed in study 
Based on insulin recovered by lavage from lung at end of aerosol exposure 
++ Baaed on insulin inhaled, includes losses in nasal passages and throat 



All three formulations provided rapid absorbing 
insulin to the rats systemic circulation (Figs. 3 A and 3B) . 
The bioavailability and glucose response were higher for the 
2 0% insulin/mannitol powder. (Table 3), although without 
performing many replicate experiments, it is uncertain if the 
difference was significant. 

Primate Results 

A dose identical to what was used in the human trial 
(0.2 U/kg, -27 Mg/raonkey) was injected into four monkeys to 
provide the SC data with which to compare the aerosol results 
(Figs. 4A and 4B) . Table 4 shows the monkey aerosol exposure 
data. Table 5 shows the mean serum insulins and glucoses for 
the aerosol exposure and the subcutaneous study. The aerosol 
dose yielded a robust insulin and glucose response (high 
dose) . Fig. 4 shows a comparison of the mean serum insulin 
profiles from, the. two aerosol and one SC study. From the AUCs 
of these profiles the relative bioavailability of the aerosol 
insulin was calculated to be 12%. 
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Table 4. Monkey Aerosol Exposure Data 



' " 

Animal ID 


Orav. 
filler 
Mass 
(mg) 


Avg 
Cone. 

Cmb/l) 


Inn nl*rl 

Volume 
to 


Est. 
Inhaled 
Aerosol 
Mass 

tas> 


Est. 
Inhaled 
Insulin 
Mass 

(MS) 


Body 

Wt. 

(Kg) 


Est. 
Insulin 
Dose 


AUC 
(ng min/ 
ml) 




















#1, 23-46 


1.07 


178 


8.96 


1597 


320 


3.92 


81.5 


347 


#2, 23-48 


—-1:01 


~ 168 


19.98 


3363 


673 


3.81 


176.6 


1196 


#3, 122-55 


0.97 


162 


14.68 


2373 


475 


4.1 


115.7 


739 












489±178 









Humaxi Results 

The comparative results between respiratory delivery 
and subcutaneous injection are set forth in Table 5 below. 
Respiratory aerosol delivery resulted in more rapid absorption 
(peak at 20 minutes)' than injection (peak at 60 minutes) with 
a more rapid glucose response (trough at 6 0 minutes) than with 
injection (trough at 9 0 minutes) . Reproducibility was as good 
if not better with aerosol than with injection in both insulin 
and glucose response. Injection doses were carefully adjusted 
for weight, aerosol doses were not. Biological activity of 
aerosol insulin, based on glucose response , relative to 
injection was 28-36%. Bioavailability of aerosol insulin, 
based on area-under-the-insulin curve, relative to injection 
was 22.8% for the 3 puff group. 
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Table 5 

Serum Insulin and Glucose Results in Humans 



INSULIN 

Increase 



Subject Hs 


Dose/Injection 
of Blister 


Dose in 
Subject* 


in Serum 

Insulin 

/tU/ml 


Time of 

J vi a Al JiJ U III 


Relative Bioavailability 
Daacu on uisujin auu 


1-24 

(SC Injection) 


10.4U 


I0.4U 


5.8 - 20.9 


60 min 


100.0% 


7-24 (3 puffs) 


76.0U 


31.9U 


6.1-28.5 


20 min 


22.8% 


GLUCOSE 












Subject #6 


Drop in Mean 
Serum Glucose 
mg/dl 


mg/dl drop 


Time of 
Minimum 


%SC 


Relative Bioactivity 
Based on Glucose Drop 


1-24 

(SC Injection) 


93.6 - 64.9 


28.7 ' 


90 min 

i 


100% 


100% 


7-24 (3 puffs) 


91.8-67.6 


24.2 


60 min 


84.3% 


27.4% 



♦Device ErT « 42% 



The results of the human trials are further 
presented in Figs. 5A-5B. Fig. 5A shows mean serum insulin 
over time for subcutaneous injection (o) , inhalation (3 puffs, 
©) . Mean serum glucose levels are similarly presented in Fig. 
5B. Insulin peaks and glucose troughs are shown in Figs. 6A 
and 6B, respectively, while intersubject variability in serum 
insulin and glucose are presented in Figs. 7A and 7B, 
respectively. 

In addition, the shallow inspirations (tidal 
breathing) of the monkeys during the aerosol exposures do not 
represent the optimal breathing maneuver for deep lung 
deposition. A higher bioavailability was observed in humans 
(Table 5), as expected, when the optimum breathing maneuver- 
was used and the aerosol bolus was taken by oral inhalation 
rather than by nasai inhalation. 

Although the foregoing invention has been described 
in some detail by way of illustration and example, for 
purposes of clarity of understanding, it will be obvious that 
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WHAT IS CLAIMED IS : 

1 1. A method for aerosolizing a dose of insulin, 

2 said method comprising: 

3 providing insulin as a dry powder; 

4 dispersing an amount of the dry powder in a gas 

5 stream to form an aerosol; and 

6 capturing the aerosol in a chamber having a 

7 mouthpiece for subsequent inhalation by a patient. 

1 2 V A method as in claim 1, ...wherein" the., insulin is 

2 substantially free from penetration enhancers * * 

1 3. A method as in claim l, wherein the insulin is 

2 present in a dry powder carrier at a weight concentration in 

3 the range from about 5% to- 9 9%. 

1 4. A method as in claims, wherein the powder 

2 carrier comprises a carbohydrate, organic salt, amino acid, 

3 peptide, or protein. 

1 5. A method as in claim l, wherein the insulin dry 

2 powder comprises particles having -an average size below 10 fun. 

•1 6. A method as in claim 1, wherein the dry powder 

2 comprises individual particles including both insulin and a 

3 carrier material. 

1 7 . A method a in claim 6 , wherein the insulin is 

2 present in the individual particles at from 5% to 99% by 

3 weight. 

1 8. • An improved .method for the respiratory delivery 

2 of insulin, wherein the improvement comprises delivering the 

3 insulin as a. dry powder. 



1 
2 



9. An improved method as in claim 8, wherein the 
insulin is substantially free from penetration enhancers 1 . 
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1 10. An improved method as in claim 8, wherein the 

2 insulin is present in a dry powder carrier at a weight 

3 concentration in the range from about 10% to 99%. . 

1 11. An improved method as in claim 10 , wherein the 

2 powder carrier comprises a carbohydrate , organic salt, amino 

3 acid, peptide, or protein* 

1 12. An improved method as in claim 8, wherein the 

2 insulin dry powder comprises particles having an average size 

3 below 10 fxm. 



1 13. An improved method as in claim 8, wherein the 

2 dry powder comprises individual particles including both 

3 insulin and a carrier material. 

1 14. An improved method as in claim 13, wherein the 

2 insulin is present in the individual particles at from 5% to 

3 99% by weight. 

1 . 15. A method for preparing a stable, dry powder 

2 insulin composition, said method comprising: 

3 dissolving insulin in an aqueous buffer to form a- 

4 solution; and 

5 spray drying the solution to produce substantially 

6 amorphous particles having an average size below 10 jam. 

1 16. A method as in claim 15, wherein the. insulin is 

2 dissolved in a aqueous buffer together with a pharmaceutical 

3 carrier, wherein a dry powder having insulin present in 

4 individual particles at from 5% to 99% by weight is produced 

5 upon spray drying. 

1 17. A method as in claim 16, wherein the 

2 pharmaceutical carrier is a carbohydrate, organic salt, amino 

3 acid,, peptide, or protein which produces a powder upon spray 

4 drying. 
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1 18. A method as in claim 17, wherein the 

2 carbohydrate is selected from the group consisting of 

3 mannitol, raffinose, lactose, malto dextrin and trehalose. 

1 19. A method as in claim 17, wherein the organic 

2 salt is selected from the group consisting of sodium citrate, 

3 sodium acetate, and sodium ascorbate. 

1 20. An insulin composition for pulmonary delivery, 

2 said composition comprising individual particles which include 

3 insulin present at from 5% to 99% by weight in a 

4 pharmaceutical carrier material and have a size below 10 /im. 

1 21- An insulin composition as in claim 20, wherein 

2 the composition is substantially free from penetration 

3 enhancers . 

1 22. An insulin composition as in claim 20, wherein 

2 the pharmaceutical carrier material comprises a carbohydrate 

3 selected from the group consisting of mannitol, raffinose, 

4 lactose, malto dextrih", • arid trehalose. 

1 23. An insulin' composition as in claim 20., wherein 

2 the pharmaceutical carrier material comprises an organic salt 

3 selected from the group consisting of sodium citrate, sodium 

4 gluconate, and sodium ascorbate. 

1 24. An insulin composition produced by the method 

2 of claim 15. 

1 25. An insulin composition consisting essentially 

2 of dry powder insulin having an average particle size below 

3 10 /ziu. : 



WO 95/24183 



PCT/US95/01563 



1 / 8 



£}J£UUaJI 




FIG- I 




FlC-t- 2- 



WO 95/24183 



PCT/US95/01563 



2/8 




MINUTES 



250r 




50' — ' 1 — — J — 1 1 I - 1 — 1 — : 1 1 ' — 1 — 1 1 — 

0 30 60 90 120 150 180 2IO 

MINUTES 



FIG. 38. 

RECTIFIED SHEET (RULE 91) 



WO 95/24183 



PCT/US95/01563 



3/8 



7000 



~ 6000 
E 

2 5000 



AEROSOL DOSE = 489 ug (n=3), 

AUC=76I ng min/ml 
REL BIOAVAILABILITY = 12% 

SUBCUTANEOUS DOSE* 27 ug 
,(n=4), AUC=348 ng min/ml 




200 300 
MINUTES 

FIG. 4 A. 



400 



500 



lOOr 



e 

iLi 
CO 
O 

o 

Z> 
_J 
O 



3 

111 

CO 



SUBCUTANEOUS DOSE 




30 60 90 120 150 180 210 240 
MINUTES 

F/a 48. 



RECTIFIED SHEET (RULE 91) 



WO 95/24183 



PCT/US95/01563 



4/8 



30 



e 

ZD 

320 
z 

_! 
D 

m 



1 10 

U 

m 



0 l_ 
-50 



AEROSOL (3 PUFFS) 
n= 18 




SUBCUTANEOUS 
INJECTION, n = 24 



50 150 

MINUTES 

FIG. 5A 



250 



350 



100 



P/6 


90 


E 




UJ 




CO 




CO 


80 






_l 




O 




s 


70 




£E 


UJ 




CO 





60 




50 



50 150 
MINUTES 

m 5& 



250 



350 



RECTIFIED SHEET (RULE 91) 



WO 95/24183 



PCr/US95/01563 



5/8 



ZD 

z 

_J 

ZD 
CO 



zd 

UJ 

to 



30r 



20 



10 




0 
-20 



oSC n=24 



AEROSOL (3 PUFFS) 



AEROSOL SC 
PEAK PEAK 



J I !_ 



0 20 40 60 80 100 120 
MINUTES 

FIG. 6A. 



£ 

UJ 
CO 

o 
o 

-J 



lOOr 



90- 



80- 



70- 



60- 




50i— 
-20 0 



AEROSOL (3 PUFFS) n=!8 



SC n=24 



AEROSOL SC 
TROUGH TROUGH 



J i L 



J i * ■ ' 



20 40 60 80 100 120 
MINUTES 

na e&. 



RECTIFIED SHEET (RULE 91) 



WO 95/24183 



PCT/US95/01563 



6/8 



I6r 




qL- . i 1 _j . 1 . _l_ 

-50 50 150 Z50 350 

MINUTES 

Fia 7B. 

RECTIFIED SHEET (RULE 91) 



WO 95/24183 



11 8 



FCT7US95/01563 





WO 95/24183 



PCT/US95/01563 



8/8 




xn 

CD 
< 



RECTIFIED SHEET (RULE 91) 



INTCRNATIONAL SEARCH REPORT 



International application No. 
PCT/US95/01563 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(6) :A61K 9/12 

US CL :424/46; 514/2, 8, 21 
According to International Patent Classification (IPC) or to both national classification and IPC 

B, FIELDS SEARCHED , 

Minimum documentation searched (classification system followed by classification symbols) , 
U.S. : 424/46; 514/2, 8, 21 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
NONE 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
APS SEARCH TERMS: INSUUN, AEROSOL, POWDER 



c. pocy^ 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


US, A, 5,204,108 (1LLUM) 20 April 1993, Abstract, col. 3, 
line 1 through col. 5, line 34 and claims. 


1-11, 13-14, 24 


Y 


12, 15-23, 25 


Y 


US, A, 5,017,372 (HASTINGS) 21 May 1 991 , see examples. 


15-23 


Y 


Journal of Controlled Release, Volumn 1, 1984, (NAGAI), 
"POWDER DOSAGE FORM OF INSULIN FOR NASAL 
ADMINISTRATION", pages 15-22, see Abstract, Tables and 
discussion, 


4, 11, 17-18, 
22 



~] Further documents arc listed in the continuation of Box C. |""~] See patent family annex. 



Spociil categories of cited documenu: 

A" document defining the general sane of the art which ii not considered 

to be part of particular relevance 

E" earlier document pubtiihed on or after the international filing date 

*L" document which may throw doubta on priority elaim(s) or which ia 

cited to establish the publication date of another citation or other 
special reason (as specified) 

0" document referring to aa oral disclosure, use, exhibition or other 

p" document published prior to the international filing date bul later than 



hder document pubUahed after the mtenuUiooal filing dale or priority 
date and not ia conflict with the application but cited to understand the 
principle pr theory under ryiof the invention 

document of particular relevance; the claimed invention cannot be 
coniidered novel or cannot be considered to involve an mventive step 
when the document k token alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document ii 
combined with one or more other such documenu, such combination 
being obvious (o a person skilled in the art 

document member of the same patent family 



Date of the actual completion of the' international search 
15 MARCH 1995 


Date of mailing of the international search report 

15JUN1995 


Name and mailing address of the ISA/US 
Commissioner of Patent* and Trademarks 
BoxPCT 

Washington, D.C. 20231 
Facsimile No. (703) 305-3230 


Authorized officer / n V D 
Telephone No, (7035 308-2351 



Form PCT/lSA/210 (second sheet)(July 1992)* 



